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Abstract. Asteroseismology can provide information that is otherwise not easily
accessible, like the stellar mass and the evolutionary stage. Strong magnetic fields are
usually accompanied by rapid rotation, which makes asteroseismology difficult due to
spectral line broadening. We have found what may turn out to be the Rosetta Stone
of the stars: A slowly rotating solar-like star with a strong magnetic field. We have
recently detected solar-like oscillations in this active sub-giant, but with amplitudes
much lower than expected. We suggest that the large-scale magnetic field alters the
pulsations, which become magnetoacoustic in nature. Here we present our results and
discuss possible implications and how this may open up a new frontier in the studies of
magnetic fields and stellar evolution.
1. Introduction
EK Eri is a unique case of a slowly rotating (v sin i < 1 km/s) G8 sub-giant, exhibiting
brightness variations with a period of 308 days due to star spots being rotated across the
projected surface (Strassmeier et al. 1999). It is significantly over-active with respect
to its rotation rate and evolutionary state, deviating severely from the normal period-
activity relation. Its magnetic field is large scale and dominated by a polodial mostly
axisymmetric component, resembling a dipole with a surface strength of approximately
270 G (Aurie`re et al. 2008, see also Auriere et al., these proceedings).
The generally accepted explanation of the period-activity discrepancy is that EK
Eri is the descendant of a magnetic Ap star (Ste¸pien´ 1993). Assuming conservation of
magnetic flux, EK Eri on the ZAMS would have had a field strength of a few kG, which
is well within the typical range for magnetic Ap stars. However, this simple assumption
is almost certainly inadequate since, as the star evolves off the main sequence, the
growing convection zone interacts with the original field. Rather, a combination of
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fossil field acting as the seed for a growing dynamo-generated field is required, but
the model calculations are severely hampered by the lack of reliable mass and radius
estimates for the star.
2. Astroseismic results
We have recently (Dall et al. 2010) detected oscillations in EK Eri based on three half-
nights of HARPS data. This is the first detection of solar-like oscillations in an active
giant star. Due to the short time coverage we could not extract the individual oscillation
frequencies nor the large separation, ∆ν, between modes of successive radial order.
However, we were able to estimate the amplitude per mode from the excess power in
the Fourier spectrum using the approach of Kjeldsen et al. (2005), and we find, at the
position of maximum power νmax = 320 ± 32 µHz, that the peak amplitude per radial
mode is ≃ 0.15 ms−1 . This amplitude is at least a factor of 3 lower than expected based
on the scaling relations of Kjeldsen et al. (2008).
We suggest that the dominant cause of this discrepancy is due to the magnetic field.
A large scale magnetic field will influence the pulsations in the atmosphere of the star,
which will become magnetoacoustic in nature, such as is known to happen in sunspots
and in main-sequence Ap stars. The pulsation velocity field will acquire a significant
horizontal component, which will depend strongly on the inclination of the magnetic
field. Thus, not only the extracted radial velocity amplitude will be different from what
would be expected in the absence of the field, but it will depend on the relation between
the position of the observer, the magnetic axis, and the pulsation axis. In the following
Section we will discuss this effect.
3. Magnetic effect on acoustic oscillations
Studies of oscillations in main-sequence magnetic pulsators — the roAp stars — show
that in the presence of a large-scale magnetic field that permeates the surface of the star
the pulsational velocity is severely modified when compared to the non-magnetic case
(e.g., Dziembowski & Goode 1996; Cunha & Gough 2000; Saio & Gautschy 2004).
In particular, in the outer layers of the star the velocity associated with low degree
modes acquires a significant horizontal component. Also, the relative size of the radial
and horizontal components depends critically on the inclination of the field. Thus, not
only the extracted radial velocity amplitude will be different from what may be expected
in the absence of the field, but it will depend on the relation between the position of the
observer, the magnetic axis, and the pulsation axis.
Moreover, the latitudinal dependence of the mode amplitude is strongly modified.
The simplest example of this is the case of radial modes, which amplitudes at the surface
cease to be spherically symmetric due to the direct effect of the magnetic field (see e.g.,
Saio & Gautschy 2004, Fig. 18).
Acoustic pulsations are modified in the presence of a magnetic field. If the mag-
netic field permeates the surface of the star, there will always be a region where the
Lorentz force and the gas-pressure gradient acting on a perturbed element of fluid are
comparable. In that region the effect of the magnetic field on the dynamics of the oscil-
lations cannot be regarded as a small perturbation.
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The extent and position of the singular region — or magnetic boundary layer —
depends on the properties of the outer layers of the star, as well as on the magnetic field
intensity. In Fig. 1 we show the position of that region for EK Eri, estimated as the
region where gas and magnetic pressures are comparable.
According to Aurie`re et al. (2008), the mean surface magnetic field of EK Eri is
270 G. The value of maximum field at the surface cannot be deduced from the mean
surface field alone, but one expects that for a simple dipolar geometry it will be only
slightly larger.
For a magnetic field magnitude of 300 G, we see from Fig. 1 that the region where
the magnetic field has a direct effect on the dynamics lies mostly above the photosphere.
For oscillations of frequency below the acoustic cutoff frequency, the greatest direct
impact of the field will thus take place outside the cavity of the oscillations, in the
region where the latter are evanescent. On the other hand, for a magnetic field of 500 G,
the region of direct magnetic field influence extends all the way to the photosphere
and is expected to result in stronger perturbations both to the eigenfrequencies and
eigenfunctions.
Figure 1. A model for the magnetic boundary layer in EK Eri. The model has
M = 2M⊙, Teff = 5100 K and log(L/L⊙) = 1.2. The region where the gas and
magnetic pressures (Pg and Pm, respectively) are comparable is shown for three
different values for the magnetic field: 300 G (dotted red line), 500 G (full blue line),
1000 G (red dashed line). The shaded area between the two horizontal dotted lines
show the upper and lower limits of the region where the pressures are comparable,
while the full horizontal line marks where the two are the same. The gray vertical
line shows the position of the photosphere. For B = 300 G, the region of interest is
almost entirely above the photosphere, while for B = 500 G and higher, the gas and
magnetic pressures are similar already in the photosphere.
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One of the consequences of the surface velocity being no longer radial, in the
presence of a magnetic field, is that for the same underlying amplitude, the observed
amplitude at the photosphere will be different from the non-magnetic case. That could
well be the origin of the excessively low amplitude per radial mode observed in EK Eri.
To test that possibility, and attempt to build additional observational test, we are
planning a detailed study of the pulsations of EK Eri including the effect of the magnetic
field. Along with magnetic models, such a study requires improved asteroseismic data
and additional information about the star’s magnetic field.
4. Conclusion
We have argued that the solar-like oscillations we have detected in EK Eri are of
magneto-acoustic nature, and hence potentially contains information on the magnetic
field and its structure as well as on the internal structure of the stellar matter. Based on
a simple model we predict the maximum surface magnetic field to be at least 300 G,
which is consistent with recent measurements. More detailed models will be developed
for further study.
For the first time we now have the opportunity to study the magnetic field and the
internal structure of a star other than the Sun without the complications introduced by
rapid rotation. Like a Rosetta Stone, EK Eri may lead us to a deeper understanding of
magnetic fields and solar-like oscillations, and more importantly, to a new understand-
ing of the interplay between the oscillations and the magnetic field.
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